This study developed models that relate trip lengths to the land-use characteristics at the trip ends (both production and attraction ends). Separate models were developed by trip purpose. The results indicate several statistically significant and intuitively reasonable effects of land-use patterns. High residential densities and a good mix of complementary land uses are associated with shorter trips. Larger establishments attract longer trips, and the lengths of home-based other trips decrease with an increase in the number of convenient commercial landuse parcels in the neighborhood. The connectivity provided by the roadway network and the urban form of the area (measured in terms of number of intersections and cul-de-sacs) affect trip lengths. In addition to the local land-use characteristics, trip lengths also vary significantly by the location of the neighborhood within the region. All these results hold even after controlling for several trip and traveler characteristics. 
Background
There is continued interest in understanding and quantifying the relationships between land use/built environment and various aspects of travel behavior such as trip rates, trip-chaining patterns, mode choice, and travel distances. The focus of this study is on understanding the nexus between land-use patterns and vehicle-trip distances from the standpoint of assessing the transportation impacts of new land developments. Traditionally, transportation-impact assessment methods have relied only on trip rates as the metric of impact. While this is appropriate to capture the effect of a development locally (say, at a nearby intersection), it is not an adequate measure of system-wide impacts. For instance, two developments could result in the same number of additional trips, but one of them could be attracting these trips from much farther away. In this case, it could be argued that the transportation impacts of both these developments are not identical (as would be indicated by an assessment based purely on trip volume); rather, the one that leads to longer trip lengths effectively has a greater (negative) impact on the transportation system. With increasing emphasis on growth management and the containment of urban sprawl (in addition to congestion mitigation), there is a need for the assessment of such macro impacts of development using methods that relate the built-environment patterns to trip lengths. In addition, there is a desire to moderate or reduce the energy consumed by the transportation sector to achieve energy sustainability and to reduce the extent of greenhouse gas (GHG) emissions from vehicles. To achieve this goal without adversely affecting the quality-of-life of people (broadly defined as the ability of people to satisfy their activity-participation needs), planners and policymakers are exploring urban-design solutions, such as mixed-use neighborhoods. To assess the extent to which such land-use patterns can reduce the length of travel undertaken, it is necessary to quantify the relationships between land use and trip lengths. A brief overview of the literature on the relationships between land use and trip lengths is presented here. (For a more-detailed discussion of the literature on the relationships between land use and other aspects of travel behavior, such as trip rates and mode choice, see Ewing and Cervero 2001; and TRB 2009.) Most studies examine total household (or person-level) vehicle miles traveled (VMT) as a function of the land-use patterns around the residence of the household. Early works of Handy (1996) , Ewing et al. (1994) , and Rutherford (1996) suggest traditional neighborhood developments (TND) produce shorter trips when compared to conventional suburban subdivisions. Cervero and Kockelman (1997) report that VMT by personal automobiles is less in households located in areas with higher accessibility. Ewing et al. (1994) compared the vehicle hours of travel (VHT) for six neighborhoods and found that the compact neighborhoods with higher densities and a greater mix of uses generated lower levels of VHT. Brownstone and Golob (2009) report that residences in higher-density neighborhoods (the only land-use variable used in their models) have lower VMT. Holtzclaw et al. (2002) also report a similar effect of density. Further, they also find that bicycle and pedestrian friendliness are less-strongly related to household VMT. Cervero and Duncan (2006) examined the VMT associated with work and shopping travel individually. Their analysis indicates that both jobs-housing balancing and retail-housing balancing are good strategies for reducing VMT, with the former being more effective than the latter. Bagley and Mokhtarian (2002) , however, find that residential location type (extent to which the neighborhood is "traditional") has little impact on trip lengths after controlling for attitudinal and lifestyle factors and using cross-sectional data. Handy et al. (2005) also concur with this assessment. However, they also report that with the use of quasi-longitudinal data, the builtenvironment characteristics are statistical predictors for changes in volume of driving. For instance, they find that increased accessibility is associated with decreased driving. Based on another longitudinal study, Krizek (2003) also reports a decrease in household VMT with an increase in neighborhood accessibility. Unlike the previous studies, which have measured the land use around the residence locally, Bento et al. (2005) relate the household VMT to the characteristics of the urban area in which the household resides and find that VMT increases with greater sprawl.
The objective of our study is to contribute to the knowledge on the empirical relationship between land use and trip lengths. Unlike the previous studies on household VMT, we focus on the lengths of individual trips. Therefore, we capture the effects of land use at the trip ends instead of only residential-location characteristics. The study undertaken by Frank et al. (2005) also involves constructing land-use variables at all trip ends based on a buffer around the trip-end location. However, their models for household VMT still appear to consider only the land use around the residential location.
Our approach is appropriate for calculating the trip lengths associated with different types of land developments (transportation-impact analysis). It is anticipated that in a traffic-impact study, only the land-use data around the land parcel being developed will be available, and we therefore use land-use descriptors only at one end of the trip (the end where developments are being proposed). Thus, this study adopts a "development-centric" approach.
Further, we describe trip-end land use at three different spatial levels: (1) the characteristics (e.g., building square footage in the parcel) of the land parcel in which the trip ends, (2) the characteristics (e.g., percentage of residential and commercial square footage) of the "neighborhood" in which the parcel is located, and (3) the characteristics of the location of the neighborhood within the region (e.g., distance to regional activity centers).
The rest of this paper is organized as follows. The data used in the analysis are described in the next section. The empirical modeling results are presented and discussed in Section 3. An application of the estimated models for predicting trip lengths is discussed in Section 4. Section 5 concludes this paper and identifies directions for future research.
Data
The intent of this study is to develop models to relate trip lengths as a function of land-use and network characteristics. The models also control for the socioeconomic characteristics of the traveler, which could influence trip lengths. Thus, data on travel patterns, land-use characteristics, roadway network, and traveler characteristics are needed. The rest of this section describes the sources of these data and the procedure employed to assemble the data for model estimations.
The 1999 Southeast Florida Regional Travel Characteristics Study is the primary source of data for this analysis. In this survey, one-day travel information was collected from about 5000 households in Miami-Dade, Broward, and Palm Beach Counties. The following information was collected for each trip undertaken by each respondent: trip timing (start and end times), mode (including occupancy for auto mode), purpose, and trip-end locations (addresses). In addition, the researchers were also provided with the geo-coded (latitudes and longitudes) trip-end locations. The travel survey also provides information on selected socioeconomic characteristics of the traveler such as age, employment status, automobile ownership, household structure, and household income. Quite interestingly, the gender of the travelers was not obtained in the travel survey.
The roadway characteristics were obtained from the statewide roadway network file titled "Dynamap Streets," made available on the Florida Standard Urban Transportation Model Structure (FSUTMS) web portal (http://www.fsutmsonline. net/index.php?/gisonline/). The roadway data represent year 2005. As information on the year in which each roadway segment was built was unavailable, it was not possible to adjust the roadway network to reflect 1999 (survey year) conditions. The "Network Analyst" toolset within ArcGIS was used to determine the network distance of each trip (based on the shortest-distance path) in the survey (excluding those trips for which the trip-end locations were unknown or were outside the three-county region).
The discussion thus far has focused primarily on determining the "dependent" variable of interest: the trip lengths. The second component of data required is the land-use and transportation-system characteristics or the "explanatory variables" for use in the models. The primary source of this information is the Florida Department of Revenue (FDOR). These parcel data files contain valuable information for our analysis including the land-use type, area of buildings, and the number of residential units located on each parcel.
The parcel data obtained reflect the land-use characteristics in the year 2008. However, the travel survey data are from 1999. To ensure consistency, developments built after 1999 were removed and subjected to significant cleaning and updating.
The cleaned parcel-level file created contains the following details for each parcel in the three-county region: (1) a parcel identifier, (2) parcel area, (3) land-use type, (4) number of residential units for residential parcels, and (5) square footage for nonresidential buildings. The original FDOR database has 99 categories for land-use type. These were aggregated to create a more manageable and practically useful land-use classification scheme that includes six categories: (1) residential (singlefamily, multi-family, and mobile homes), (2) commercial (large retail, regular retail, convenience stores, and drive-through establishments), (3) office (professional and nonprofessional services buildings), (4) industrial (light, heavy, and warehousing), (5) institutional, and (6) other.
In the next step, "neighborhoods" were created and were characterized by aggregating the data from the cleaned parcellevel files and the transportation-network files. In this study, neighborhoods are defined as grid cells four square miles in size. To generate these neighborhoods, a four-square-mile grid was arbitrarily imposed on the study region (three-county region). Each cell in this grid was assigned a unique "neighborhood identifier" value. The entire grid was then shifted horizontally by one mile. The shifted grid cells were assigned new "identifier" values. In the third step, the grid from the previous step was shifted vertically by one mile and assigned new identifier values. Effectively, this procedure creates a set of overlapping neighborhoods four square miles in size across the entire region with the centroids of these neighborhoods lying on a one-square-mile grid (Figure 1) .
The characteristics of the neighborhood were determined by aggregating the parcel-level data. Specifically, each parcel was assigned to one or more neighborhoods if the parcel centroid fell within the corresponding boundaries (note that each parcel can be assigned to multiple neighborhoods as the neighborhood areas themselves overlap). Once the land parcels were mapped to the neighborhoods, the land-use descriptors of the neighborhood (such as land area under different land uses and building square footage under different uses) could be obtained by spatial aggregation. Similarly, the roadway network data were also aggregated to determine measures, such as linear road miles, number of intersections, and number of cul-de-sacs within each neighborhood. The incorporation of other descriptors of the roadway network topology (see for example, ) is identified as an extension of this study.
As already mentioned, the intent of this study is to capture land use at three spatial levels: parcel, neighborhood, and regional. The development of parcel and neighborhood characteristics has been discussed thus far. Next, we present the approach used to describe the location of each neighborhood within the three-county study region. Two measures were constructed:
• The network distance of each neighborhood to each of four regional activity centers (one each in Miami, Fort Lauderdale, Boca Raton, and Palm Beach) defined as neighborhoods with the highest commercial square footage (includes, retail, office, and entertainment).
• The network distance of each neighborhood to each of nine regional residential centers. Residential centers were defined as neighborhoods having more than 50 percent of their land use dedicated to residential. Among these, three neighborhoods in each county (for a total of nine neighborhoods geographically distributed across the study region) that had the largest number of residential units were selected as the regional residential centers. Once all the land-use variables at the parcel, neighborhood, and regional levels were created, they were suitably linked to the trip-end locations from the household-travel survey data file. First, each trip-end location was matched to a specific land parcel based on the proximity of the trip-end location to the parcel centroid. Each trip-end location was also matched to a neighborhood based on the proximity of its location to the neighborhood centroid. As the neighborhoods are overlapping, the trip-end locations are likely to fall closer to the centroids than an edge.
After the overall data assembly process, the final database comprises more than 30,000 trips with each trip characterized by the distance and land-use characteristics (at the different spatial levels) at each trip end (these are in addition to the other attributes such as timing, mode, and purpose obtained directly from the survey). These 30,000 trips include cases with missing information on one or more attributes. A clean analysis sample was extracted that includes non-missing and acceptable values for all required attributes. As the focus is on vehicle trips, trips not made using the auto were removed; this includes the removal of trips with no known mode of travel. Similarly, those trips made by an auto but as a passenger were also not included, as the corresponding trips could also have been reported by the driver of the vehicle. After removing the trips that could not be accurately matched to parcels and neighborhoods and those trips that were unreasonable (very short or very long) in terms of trip distances, travel times, and speeds, the final analysis sample consisted of approximately 18,000 trips. Of these, 5237 were home-based work (HBW) trips; 8257 were homebased other (HBO) trips; and 4796 were non-home-based (NHB) trips. Descriptive characteristics of the trip lengths (in miles) for the three trip purposes are presented in Table 1 . Summary statistics on the land-use characteristics at the production and attraction ends of the trips (across all trip purposes) are presented in Table 2 . 
Empirical results
This section of the paper presents the empirical models estimated to relate trip lengths to land-use characteristics. The logarithm of the trip length is taken as the dependent variable (this approach guarantees that the predicted trip lengths are always positive), and these are related to the land-use and traveler characteristics using a linear-regression structure. The use of advanced econometric methods is identified as an area of future enhancement. Separate models were estimated for each trip purpose, and these are presented in Tables 3 (home-based work), 4 (homebased other), and 5 (non-home-based). For each trip purpose, two sets of models were developed. The first examines the impacts of land use at the production end of trips, and the second examines the impacts of land use at the attraction end of trips. These are labeled "production-end models" and "attraction-end models" in Tables 3, 4 , and 5. Further, for each trip purpose and within each of the production-end and attraction-end model categories, two empirical specifications are presented. The first, called the "aggregate" model, includes only land-use and transportation-system characteristics as explanatory factors, and the second, called the "disaggregate" model, also includes trip and traveler characteristics as explanatory variables. Thus, a total of 12 models were estimated; these are discussed by trip purpose. Note that a hyphen ( -) corresponding to any variable in Tables  3, 4 , or 5 indicates a statistically insignificant effect. Similarly, "NA" indicates that the corresponding variable was not applicable and hence not used in the model under consideration.
3.1
Models for the lengths of home-based work (HBW) trips Table 3 presents the models for the lengths of home-based work (HBW) trips. The explanatory factors are classified into the following six categories: (1) parcel characteristics, (2) neighborhood land-use characteristics, (3) neighborhood roadway characteristics, (4) location of neighborhood within region, (5) trip characteristics, and (6) traveler characteristics. The first four categories of variables refer to the land use at the home end of the trips in the "production-end" models and to the non-home end of the trips in the "attraction-end" models. The fifth and sixth categories of variables are applicable only for the disaggregate models. The first category of explanatory variables is parcel characteristics. Each parcel is characterized by a land-use type, which can be one of the following: residential, commercial, office, institutional, industrial, or other. Home-based trips are, by definition, produced at residential parcels, and hence the land-use type variable is applicable only to the attraction-end models. HBW trips attracted to institutional parcels are of the shortest length compared to similar trips attracted to any other type of parcel. HBW trips attracted to commercial parcels are longer than trips attracted to institutional parcels, but are shorter compared to trips attracted to residential, office, and other parcels. A second parcel-level characteristic is the square footage of the building in the parcel. This attribute was also defined for only nonresidential parcels, and the attraction-end models indicate that larger-size establishments attract longer HBW trips. Residential parcels were characterized in terms of the number of units in the parcel (single unit, 2 to 10 units, and more than 10 units). No statistically significant differences were estimated in trip lengths produced across these categories. This is possibly because a very large number of residential parcels had only one residential unit.
The next category of explanatory variables is neighborhood land-use characteristics. The first variable of interest is the fraction of area that is developed, calculated as the ratio of the sum of the areas in the six land-use categories (residential, commercial, office, institutional, industrial, and other) to the total area of the neighborhood. In most cases, the total area of the neighborhood is four square miles based on how the neighborhoods were delineated. However, for neighborhoods along the coast and along the boundaries of the study region, the total area could be smaller. In all four models, the coefficient on this variable is negative, indicating that HBW trips produced in and attracted to the more-developed neighborhoods are shorter.
The next set of variables captures the fraction of developed area by each land-use type. Neighborhoods with a greater proportion of residential land use produce longer HBW trips but attract shorter HBW trips. If the neighborhood is largely residential, then there would not be as many opportunities for employment in the vicinity and consequently, the HBW trips produced would be longer. However, any employment center located in that neighborhood could likely draw its employees from the large pool of residents in its vicinity, leading to shorter trips being attracted. HBW trips produced in neighborhoods with a greater fraction of "other" area are also estimated to be longer. Alternatively, one could interpret the model to imply that a greater fraction of nonresidential, non-other land use (i.e., greater fraction of commercial, office, institutional, or industrial) would lead to shorter HBW trips being produced. Residential density (number of residential units in the neighborhood divided by the area of the neighborhood that is residential) is negatively correlated with the lengths of HBW trips. This implies that work trips produced in and attracted to parcels in high-density neighborhoods are shorter, a result that is consistent with findings in the literature. In addition to the proportion of area under different landuse types, the size of the buildings (square feet) is also found to be a strong predictor of trip lengths. HBW trips produced in neighborhoods with large office spaces are shorter, whereas those attracted to neighborhoods with large office spaces are longer. HBW trips attracted to neighborhoods with large industrial and other floor space are also longer; however, such trips attracted to areas with large commercial space are shorter (relative to trips attracted to areas that have large office, industrial, or other floor spaces). If the neighborhood has a large nonresidential floor area, the trips attracted to such neighborhoods could not have been produced in the vicinity of the attraction end and hence are longer.
The third category of explanatory variables is neighborhood roadway characteristics. These are statistically significant in only the production-end (i.e., home) models. The greater the intersections per mile of roadway, the shorter the trips, and the more cul-de-sacs per mile of roadway, the longer the HBW trips. These variables are descriptive of the urban form of the neighborhood. A neighborhood characterized by cul-de-sacs represents traditional suburban-style residential development, whereas a neighborhood characterized by a grid street network represents traditional or New Urbanist development. The directionality of the impacts of the urban form of the neighborhood is intuitively reasonable.
The fourth category of explanatory variables is location of the neighborhood within the region. With increasing distance of the production end (neighborhood) of the trip to the regional activity centers, the lengths of HBW trips increase. Alternatively, HBW trips produced closer to regional activity centers are shorter, potentially due to the increased number of opportunities located near the neighborhood. At the same time, HBW trips produced near the large residential centers are longer, possibly because of the limited employment opportunities in the vicinity of the production end of the trip.
With an increasing distance of the attraction end (neighborhood) of the trip to the regional activity centers, the lengths of home-based trips decrease. Alternatively stated, regional activity centers attract the longest HBW trips. The next variable is the "range of distances to the regional activity centers." This is a measure of centrality of the attraction location relative to the regional activity centers. If the range of distances (difference in distances to the farthest and closest regional activity centers) is large, the location under consideration is significantly closer to one of the activity centers. Alternatively, if the range is small, the location is more "central" relative to the regional activity centers. The coefficient on this variable is positive, indicating that centrally located neighborhoods attract shorter HBW trips. Finally, the models also indicate that HBW trips attracted to locations near the large residential centers are longer. This could be reflective of the types of jobs in those areas-perhaps the people who work in commercial establishments in large residential centers often do not live in the same locality.
The fifth and sixth categories of variables are applicable to only the disaggregate models. Among trip characteristics, HBW trips made midday (9 a.m. to 3 p.m.) are the shortest and those made during the off-peak periods (before 7 a.m. or after 6 p.m.) are the longest. The time of day of the trip was determined as the midpoint time of the trip. On examining the impacts of traveler characteristics, we find that full-time workers make longer HBW trips compared to part-time workers. The length of HBW trips decreases with increases in the age of the traveler. The gender of the traveler was not obtained in the travel survey. HBW trips made by individuals who have to share cars (fewer cars than adults in the household) are shorter. Finally, we see that the length of HBW trips increase with increases in household income. The excluded income categories in the model are "income between $40,000 and $80,000" and "unknown income." Thus, we find that HBW trips made by persons who did not report their income are comparable in length to those made by persons with income between $40,000 and $80,000. In general, these results are intuitively reasonable. Further, the land-use variables still retain their significance even after controlling for these trip and traveler characteristics. No data on attitudes and lifestyles were collected in the travel survey.
The estimated variances of the error terms are large, or equivalently, the R 2 values are small. This indicates that the included variables "explain" the variability in trip lengths only to a limited extent (between 5 percent and 9 percent in the variability in the logarithm of the trip lengths across the four models). Further, on comparing the aggregate and disaggregate models, we see that the land-use variables explain the variability to a greater extent than the socio-economic variables included in the model. Data on the types of employment and housing costs were not available for this study. We believe that capturing the availability of housing that corresponds to the types of jobs in an area (and vice versa) would improve the predictive power of the model. Further, the length of HBW trips fundamentally depends on the choice of residential location (relative to work location), which in turn depends on factors such as the work and school location of other household members. Current models do not control for these factors either. Finally, the data on the socio-economic characteristics of the traveler are limited. In particular, the survey did not collect data on the gender of the traveler, a factor that is well known to influence the length of work trips. Thus, there are clear avenues to empirically enhance the current model subject to availability of additional data. Table 4 presents the models for the length of home-based other (HBO) trips. The structure of this table is similar to that of Table 3 . The first category of explanatory variables is parcel characteristics. Home-based trips are, by definition, produced at residential parcels, and hence the land-use-type variable is applicable only to the attraction-end models. HBO trips attracted to institutional and commercial parcels are shorter compared to similar trips attracted to any other type of parcel. The coefficient on the commercial parcel becomes statistically insignificant in the disaggregate model after explicitly controlling for the purpose of trip (shopping). Industrial parcels attract the longest HBO trips. A second parcel-level characteristic is the square footage of the building in the parcel. This attribute was also defined for only nonresidential parcels, and the attractionend models indicate that larger-size establishments attract longer HBO trips. Residential parcels were characterized in terms of the number of units in the parcel (single unit, 2 to 10 units, and more than 10 units). No statistically significant differences were estimated in trip lengths produced across these categories. The next category of explanatory variables is neighborhood land-use characteristics. The first variable of interest is the fraction of area that is developed. In all four models, the coefficient on this variable is negative, indicating that HBO trips produced in and attracted to more-developed neighborhoods are shorter. The next set of variables captures the fraction of developed area by each land-use type. Unlike in the case of HBW trips, HBO trips produced in neighborhoods with greater residential fraction are shorter. Note that the attraction end of HBO trips can be a residential parcel: for example, a trip to visit a friend. At the same time, HBO trips attracted to areas, which are substantially residential, are also shorter (consistent with the result for HBW trips). With an increasing fraction of the neighborhood being residential, there is a greater chance that the trip is produced at a closer location. HBO trips produced in neighborhoods with a larger fraction of commercial area are shorter, indicative of higher opportunities for nonwork activities such as shopping in the vicinity of the production location, leading to shorter trips.
Models for the lengths of home-based other (HBO) trips
Residential density is negatively correlated with the length of HBO trips in the production-end models. This implies that nonwork trips produced in high-density neighborhoods are shorter.
In addition to the proportion of area under different landuse types, the size of the buildings (in square feet) is also found to be a strong predictor of trip lengths. HBO trips attracted to neighborhoods with large office spaces are longer. HBO trips attracted to neighborhoods with large commercial, industrial, and other floor space are shorter. (The effect of the size of commercial buildings is insignificant in the disaggregate model that controls for the shopping purpose.) The final variable characterizing the neighborhood land use is the number of parcels classified as convenient commercial (such as gas stations and drive-through establishments). The greater the number of such parcels the shorter the HBO trips. This variable is not statistically significant in the case of HBW trips, as gas stations and drive-through restaurants are not major employment centers.
The third category of explanatory variables is neighborhood roadway characteristics. The roadway length and intersection density (per mile) at the production end are significant predictors of trip length. Specifically, for a given length of roadway, increasing the number of intersections per mile decreases the trip length, reflective of greater connectivity leading to shorter travel distances from one point to another. At the same time, for a given intersection density, increasing the length of roadways leads to longer trips. This is perhaps reflective of coverage: a greater proportion of the neighborhood can be reached with a greater roadway length. The number of intersections per road mile and the number of cul-de-sacs per road mile at the attraction end negatively impact trip length (the latter to a greater extent than the former). While the effect of the number of intersections could be ascribed to better connectivity, the impact of cul-de-sacs is interesting. HBO trips attracted to neighborhoods with a large number of cul-de-sacs could be short trips to visit friends or family within a suburbanstyle neighborhood. Breaking down the nonwork trips further by purpose-such as shopping, social, or recreation-would be more illuminating.
The fourth category of explanatory variables is location of the neighborhood within the region. With increasing distance of the production end (neighborhood) of the trip to the regional activity centers, the lengths of HBO trips increase. Alternatively, HBO trips produced closer to regional activity centers are shorter, potentially because of the increased number of opportunities located near the neighborhood. The same variable has the opposite effect on the length of the HBO trips attracted. HBO trips attracted to locations near major residential centers are shorter.
The fifth and sixth categories of variables are applicable to only the disaggregate models. Among the trip characteristics, HBO trips made during the a.m. peak are the shortest. Trips made using a single-occupant vehicle are marginally shorter than those made in a car pool. Among the various types of HBO trips, those for shopping are the shortest and those for social/recreational purposes are marginally longer than trips for any other purpose. On examining the impacts of traveler characteristics, we find that full-time workers make longer HBO trips compared to part-time workers and nonworkers; perhaps these are trips chained with the commute, which is typically longer. The length of HBO trips decreases with an increase in the age of the traveler. Persons in single-adult households and those without children make longer HBO trips. HBO trips made by individuals who must share cars (fewer cars than adults in the household) are shorter. Interestingly, most of these factors are not significant in the attraction-end models. Finally, we see that the length of HBO trips increases with an increase in household income. The excluded income categories in the model are "income less than or equal to $40,000" and "unknown income." Thus, we find that HBW trips made by persons who did not report their income are comparable in length to those made by persons with income greater than $40,000 (in contrast to the models for HBW trips, for which the travelers with missing income were more similar to middle-income persons). In general, the effects of trip and traveler characteristics are intuitively reasonable. Further, the land-use variables still retain their significance even after controlling for these trip and traveler characteristics.
The estimated variances of the error terms are large, or equivalently, the R 2 values are small. This indicates that the included variables "explain" the variability in trip lengths only to a limited extent (between 4 percent and 7 percent in the variability in the logarithm of the trip lengths across the four models). As in the case of HBW trips, the land-use variables explain the variability to a greater extent than socioeconomics.
The reader will note that the models were developed for an aggregate category of "nonwork trips" (the disaggregate models have partial control for trip purpose). Segmentation of this model by purpose, such as shopping, social/recreational, and personal business, can be expected to improve the model. The survey data used in this study had information on activity purpose for only the first stop of any home-based tour, with the second and later stops simply classified as "other purpose." This limited us from adopting a fully segmented approach for home-based nonwork trips.
3.3
Models for the lengths of non-home-based (NHB) trips Table 5 presents the models for the lengths of non-home-based trips. The structure of this table is similar to those of Tables 3  and 4 . The rest of the discussion also follows the same structure as the previous sections on HBW and HBO trips. In the case of non-home-based trips, the production end of the trip is also its origin and the attraction end of the trip is also its destination. The first category of explanatory variables is parcel characteristics. NHB trips produced in or attracted to commercial parcels are shorter. This is perhaps reflective of multiple shopping trips chained together with the shopping destinations close to each other. Further, larger-sized establishments produce and attract longer NHB trips.
The next category of explanatory variables is neighborhood land-use characteristics. The first variable of interest is the fraction of area that is developed. As in the case of HBW and HBO trips, the coefficients on this variable are negative in all of the models for NHB trips. Thus, more developed neighborhoods produce and attract shorter NHB trips. The next variable of interest is "fraction of remaining developed area." This is calculated as the proportion of developed area in all land-use types except the land-use type of the production or attraction end parcel, as appropriate. For example, for a trip produced in a commercial land parcel, the above variable determines the fraction of developed area in the neighborhood in the other five land-use types (residential, office, institutional, industrial, and other). Overall, this variable is envisioned as a measure of activity opportunities for NHB trips produced in a parcel, and in this context, the negative sign on this variable appears reasonable. The variable building area in "remaining" land-use types was defined as the building square footage in all (nonresidential) land-use types except the land-use type of the production-or attraction-end parcel as appropriate. For example, for a trip produced in a commercial land parcel, the above variable determines the floor area in the following nonresidential land-use types: office, institutional, industrial, and other. The negative sign on this variable appears reasonable and is possibly indicative of the activity opportunities in the vicinity of the production end of the NHB trip. The final variable characterizing the neighborhood land use is the number of parcels classified as convenient commercial (e.g., gas stations and drive-through establishments). The greater the number of such parcels, the shorter the NHB trips.
The impacts of neighborhood roadway characteristics at the attraction end of NHB trips are the same as the impacts of the same characteristics at the production end of these trips. Specifically, for a given length of roadway, increasing the number of intersections per mile decreases the trip length. This is perhaps reflective of greater connectivity leading to shorter travel distances to get from one point to another. At the same time, for a given intersection density, increasing the length of roadways leads to longer trips. This is perhaps reflective of coverage: a greater proportion of the neighborhood can be reached with a greater roadway length.
The fourth category of explanatory variables is location of the neighborhood within the region. NHB trips produced in locations father away from regional activity centers are shorter. A straightforward explanation of this effect is not apparent. Few trip and traveler characteristics are found to be statistically significant predictors of the length of NHB trips. NHB trips made midday are shorter and those based at work (one end of the trip is work) are longer. Younger persons (younger than 35) are estimated to have longer trips as are those from car-sharing households.
Overall, relatively fewer explanatory factors turned out to be statistically significant in the models for non-home-based trips. Correspondingly, these models have the lowest R2 values (between 2.5 percent and 5 percent in the variability in the logarithm of the trip lengths across the four models is explained by the model). It appears intuitively reasonable that the trip-end land uses have little explanatory power in the models for nonhome-based trips. After all, unlike the spatial fixity provided by the residential location in the case of home-based trips, there are no natural spatial "pegs" in the case of non-home-based trips. These are sandwiched between other home-based trips, and the choice of trip-end locations is perhaps guided to a large extent by the spatial characteristics of the preceding and/or succeeding trips. To deal with this issue, one needs to go beyond the conventional trip-based analysis framework into modeling trip chains and tours. 
Application
As an illustration of model application, the aggregate production-end models estimated are used to predict the lengths of HBW and HBO trips produced in identical residential parcels located in three very different neighborhoods of the region: one in Pahokee, in rural Palm Beach County, the second just outside the city of Palm Beach (suburban), and the third in downtown Miami (Figure 2) . Similarly, the aggregate attraction-end models are used to predict the lengths of HBW and HBO trips attracted to a commercial parcel with a 50,000-square-foot building (a large supermarket) when located in the same three neighborhoods. Note that the aggregate models are used here because the socioeconomics of the travelers are generally unknown in transportation-impact studies. The models were implemented in a spreadsheet program (Figure 3) , and this was used to generate all results presented in this application section. The residential parcel in the rural neighborhood produces the longest HBW (19.61 miles) and HBO trips (8.68 miles). The apparent lack of employment opportunities and the relatively long distances to the activity centers along the coast make this estimation reasonable. The parcel in the urban location produces the shortest HBW (4.21) and HBO (2.23) trips. The suburban location in West Palm Beach produced HBW trips of 6.72 miles and HBO trips of 3.85 miles. In the case of the commercial development, the supermarket, when located in the rural location, attracted the shortest trips (4.9 for HBW and 4.2 for HBO), whereas the same store located in urban or suburban regions attracted longer trips (approximately 11 miles for HBW and 8 miles for HBO). In rural and suburban location, there are a lot more residences in the vicinity of the new commercial development from which to attract trips. Overall, this example illustrates the ability of the models to predict trip lengths reflective of the context in which the travel is taking place. Further, if the socioeconomics of the travelers are known, the disaggregate models can be applied to predict the expected trip lengths for each of the population segments. At the same time, it is useful to note that the spreadsheet calculates point estimates of trip lengths. As the logarithm of the trip length is modeled using the linear regression structure, one can also calculate the variance associated with this point estimate using the properties of the log-normal distribution. In the examples discussed above, the estimated standard deviation of the prediction trip length is approximately equal to the mean, indicating that the predictions are not very robust. This is as expected given that the standard deviations of the error terms in the models were estimated to be large (see the last row in tables 3, 4, and 5). As discussed previously, the robustness of the prediction can be improved using additional explanatory variables, among other things. However, such an approach will also require additional data for model application. 
Summary and conclusions
This study developed models that relate trip lengths to the land-use characteristics at the trip ends (both production and attraction ends). Separate models were developed by trip purpose. The results indicate several statistically significant and intuitively reasonable effects of land-use patterns. High residential densities and a good mix of complementary land uses are associated with shorter trips. Larger establishments attract longer trips, and the HBO trip lengths decrease with an increased number of convenient-commercial land-use parcels in the neighborhood. The connectivity provided by the roadway network (measured in terms of number of intersections and cul-de-sacs) affects trip lengths. In addition to the local (neighborhood-level) land-use characteristics, trip lengths also significantly vary by the location of the neighborhood within the region. All these results hold even after controlling for several trip and traveler characteristics. Incorporating traveler attitudes and lifestyles is a potential empirical extension to the current work. Further, evaluating the stability of the impact of land-use variables under alternate definitions of neighborhoods (circular instead of square, different sizes, etc.) would also be very beneficial. The models have been implemented in a spreadsheet program for use in transportation-impact analysis. We believe that this spreadsheet is a valuable tool, especially for local governments that might lack an elaborate model for transportationdemand forecasting. Readers will also note that our (aggregate) models rely only on the land-use patterns around the land parcel being developed; data that can be assembled with reasonable ease. A key guiding principle of our approach was to use descriptors of land use (such as proportions of land uses by type) and transportation system characteristics (roadway lengths and number of intersections and cul-de-sacs) that can be constructed fairly easily in an application context. While it is very reasonable to expect that variables that describe the network topology (such as "tree density") and land-use (such as dissimilarity and adjacency of complementary land-use types) are strongly correlated to trip lengths, these would require additional (GIS) effort that might not be available in the application context.
Overall, we believe that our models represent a significant effort to analyze trip lengths associated with land developments within the trip-based travel-forecasting paradigm and using explanatory measures that can be easily constructed in the application context. At the same time, there are clear avenues for improving the models both empirically (use of additional explanatory variables and development of models for disaggregate trip purposes) and methodologically (incorporating trip chains and use of spatially correlated models) to produce more robust (lower variance) trip-length predictions. However, the application of such models in practice would require additional data, GIS-skills, and the adoption of tour-based/activity-based modeling paradigms.
We envision that the empirical insights from this study could inform future developments of activity-based, traveldemand model systems to comprehensively address all aspects of changes in travel behavior because of land developments. Such models could be used to evaluate the impacts of alternate land-development patterns and thus help in the design of urban areas that have shorter trip lengths, less fuel consumption, and lower GHG emissions.
